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Agenda

1. Laser station «Tochka»: purpose and installation aspects;

2. Experimental evaluation of how accurate the station’s automatic laser beam

pointing system is under both night and daytime conditions;

3. Experimental evaluation of the station’s output performance;

4. Experimental evaluation of instrumental precision of single-shot range

measurements and of how accurate the station’s calibration is;

5. Experimental evaluation of how accurate multiple range measurements are

under both night and daytime conditions;

6. Experimental evaluation of how accurately laser pulses are linked to an

external time scale in precision time transfer mode.
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Purpose of the laser station «Tochka»
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In late 2017, the first-ever station «Tochka» was installed at the Mendeleyevooperating site.

Over 2018, the station has been successfully passing the full-scale tests.

The laser station «Tochka»takes3 kinds of measurementsat once: precisionlaser ranging,

precision laser pseudorangingto the NSC «Glonass» and radiofrequencypseudorangingby

navigationsignalsfromtheSC«Glonass».



Station deployment
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The laser station is deployed at an operating site of 20 x 16 m in size.

The station’s equipment is setup in two adjacent technical buildings.

The total power consumption of both the station’s and engineering equipment packages does not exceed 45 

kW. The power is supplied using a 220V/50Hz AC network.



Experimental evaluation of how accurate the station’s pointing 

system is under different conditions

5

Pointing accuracy Average time to lock-on 
a target

Time it takes the 
pointingaccuracy to go 

down

<10 arcsec 22 sec 7 days

<20 arcsec 75 sec 3 months

Thelaserstation«Tochka»implementsthe techniqueof «blind»pointingat a targetsatelliteusingthe

giventargetdesignationswhereneitherthetargetitselfnorascatteredlaserbeamtrackcanbeseendirectly

by thestation’sTV cameras. The «blind»pointing techniqueallows us to makethe processof taking

measurementsfully automaticunderboth night and daytimetrackingconditionsoncethe calibrationby

starshasbeencompleted.

Overall performance of the auto-pointing mode used under both night and daytime conditions was 

evaluated through logging the time checkpoints at which the system had locked-on the SC «Glonass» and 

further calculating an average lock-on time by a series of sessions. Additionally, the pointing accuracy by 

stars was regularly monitored.



Experimental evaluation of the station’s output performance

Thestation’soutputperformancehasbeenexperimentallyevaluatedby the rateandnumberof

returnpulsespersessionwhentrackingtheSC«Glonass» whoseretroreflectorsystemsalwayshave

asingle-electronresponse.

In general, the results of the sessions taken under near-calculatedconditions show a

satisfactoryagreementbetweenthecalculatedandexperimentaldatavolumes.
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Experimental evaluation of instrumental precision of single-shot 

range measurements and of station’s calibration accuracy
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Error of single-shot range 
measurements 

Systematic error of hardware 
correction determination

Random error of hardware 
correction determination

Hardware correction 
value

9.8 mm <0.5 mm <0.2 mm 27736.3 mm

Theinstrumentalerrorof single-shotrangemeasurementsdoesnotexceed10mmwhilethehardware

correctiondeterminationerrordoesnot exceed0.5 mmby thesystematiccomponentand0.2 mmby the

randomcomponent,respectively,withthemeasurementaveragingtimeof 60sec.

To achievea submillimetererror of measurementby both randomand systematiccomponents,

«Tochka»takesrangemeasurementsin differentialmode.

The instrumentalrandomerror of the station with single-shot rangemeasurementshas been

evaluatedby thespreadof measurementsat thecalibrationdistance.



Experimental evaluation of accuracy of multiple range 

measurements taken at night

Avg.
response 

rate

Measurements 
per minute

RMS of single-
shot

measurements
NP RMS

76 Hz 4615 19 mm 0.28 mm

Avg.
response 

rate

Measurements 
per minute

RMS of single-
shot

measurements
NP RMS

149 Hz 8951 13 mm 0.14 mm
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Ranging accuracy has been evaluatedby the SC «Glonass» and «Lageos». The charts show the

discrepanciesof typicalmeasurementsof rangesto theSC«Glonass» and«Lageos» takenatnight.

Theaccuracyof the normalpointsbuilt on thesemeasurementson a 60s intervalwas0.28mmwith a

numberof measurementsof about 4,500 and 0.14 mm with a numberof measurementsof about 9,000,

respectively.



Experimental evaluation of accuracy of multiple range 

measurements taken by day
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Thechartbelowillustratesa typicalresultof daytimerangingto theSC«Glonass» overthecourseof

a sessionof 720seconds(12minutes)in lengthandat elevationanglesof about35-41оandclearlyshows

falserangemeasurementscausedbythedailyskybackground.

Upon processing the session was split into 12 NP with the duration of 60 seconds each.

The accuracy of almost all NPs is under 1 mm.

#
Number 
of NPs

Measurement 
RMS

NP RMS

1 2049 21.1 mm 0.465 mm

2 2060 22.5 mm 0.495 mm

3 2158 20.9 mm 0.451 mm

4 2125 21.6 mm 0.470 mm

5 1443 23.8 mm 0.627 mm

6 1434 24.1 mm 0.636 mm

7 1432 24.2 mm 0.638 mm

8 1330 25.8 mm 0.708 mm

9 1122 39.1 mm 1.181 mm

10 1944 24.2 mm 0.549 mm

11 2031 23.9 mm 0.532 mm

12 1631 23.7 mm 0.586 mm



Experimental evaluation of how accurately laser pulses are 

linked to an external time scale while in precision TT mode
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Tousethe timetransferfunction,the stationtakesextraaccuratemeasurementsof pulseemissionmomentsin both

thestation’sandSTFS(external)timescales. Themeasuringsubsystemconsistingof the interfaceunit generatingoptical

timetags,a fiber-optic line andthe measurementunit enablestakingmeasurementsof a total delayof opticaltimetagsin

boththeinterfaceandmeasurementunitseverysecondin auto-mode.

Emission momentmeasuring 

error
Station’s TSExternal TS

Random error component
(L=2km)

12 ps 13 ps

Systematic error component
(L=2 km)

17 ps 23 ps

Systematic error variations when 
the length changes from80 m up 

to 2km
- 6 ps

How the laser pulse emission moment
measuring accuracy is evaluated

Laserpulseemissionmomentsin both thestation’sand externaltime scalesare determinedwith a systematic

errorof nogreaterthan25picosecondsandarandomerrorof nogreaterthan13picoseconds.



Conclusions
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1. Full-scaletestshaveconfirmedtheestimatedcharacteristicsof thelaserstation

«Tochka»,includingbut not limitedto its outputperformance,possibilityto makethe

processof laserbeampointingat a targetfully automaticandrangingunderbothnight

anddaytimeconditionsatasubmillimeterlevelof accuracy.

2. Theinstrumentalerrorof single-shot rangemeasurementsdoesnot exceed10

mm,whiletheerrorof multiplerangemeasurementstakenover60s intervalsdoesnot

exceed1mmin thevastmajorityof cases.

3. ToimplementprecisiontimetransferthroughtheGLONASSsystem,thestation

measureslaserpulseemissionmomentsin boththestation’sandexternaltimescales

with a systematicerrorof no greaterthan25ps andwith a randomerrorof no greater

than13picosecondswhich,with dueconsiderationof on-boardequipmenterrors,lay

the groundworkfor remotetimetransferusingan on-boardlasersignalreceiver(like

thoseat theSC«Glonass»)withanerrorof nogreaterthan100ps.
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